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1 .0 SUMMARY 


Scale model acoustics tests of the nozzle system for the JT8D-9 baseline 
engine and candidate nozzle systems for JT8D-109, JT8D-115, and JT8D-117 
refan engines were conducted as part of the NASA Refan Program. The pur- 
pose of these tests was to evaluate the static jet noise characteristics 
of the three refan engine cycles relative to those of thd' baseline engine and 
to investigate the effect on jet noise of minor variations in primary-secondary 
area match and centerbody contour. The tests were conducted at the Wall 
Isolation Facility at North Boeing Field, which had been specially modified 
to include a high temperature muffler to minimize valve and burner noise. 

The test results show that the JT8D-109 refan engine cycle affords a jet noise 
benefit of up to 9 dB (OASPL) relative to the JT8D-9 {compared at equal static 
thrust), 1 to 2 dB less than had been predicted. Test results also show that 
the benefit of the JT8D-115 cycle will approximately 1 dB less than that of 
the JT8D-109 (again compared at equal thrust), and the JT8D-117 cycle will 
afford about 3 dB less benefit than the JT8D-109 cycle. 

The results of this test point out some deficiencies in the jet noise predic- 
tion procedure, which is a part of the Boeing engine component noise predic- 
tion procedure used to predict airplane community noise levels. The test 
data has been used to update this prediction procedure, and thereby improve 
the confidence level of predicted community noise levels for refanned JT8D 
powered 727 airplanes. 



2.0 INTRODUCTION 


The fundamental goal of the NASA«funded JT8D refan program is to produce 
airplanes which are significantly quieter than those powered by conventional 
JT8D engines, primarily by virtue of large reduction in jet noise. The base- 
line JT8D nozzle system is a 1:1 bypass-ratio, free mixing, retracted primary, 
dual flow nozzle. The refan JT8D engine employs a similar nozzle concept 
with a 2:1 bypass ratio. Jet noise being the dominant community noise compo- 
nent on both the baseline JT8D and treated JT8D refan, it is important to have 
an accurate assessment of the jet noise characteristics of all of the candi- 
date nozzle systems. 

As the refan program has progressed, interest has increased in the JT8D-115 
and JT8D-117 versions of the refan engine. These growth engines have engine 
cycles somewhat different than the JT8D-109, and consequently have different 
jet noise characteristics. At the same time there was some question as to 
what should be the optimum primary/secondary area match for each of the three 
engine cycles. One further question was that of the optimum size and shape 
of the primary plug (centerbody). As a result of these variables — I.e., 
engine cycle, area match, and centerbody contour — a total of 14 different 
JT8D refan nozzle system models were fabricated for performance testing. Of 
these, seven were selected for acoustic tests. 

This report is a description of the acoustic aspects of this test program. 

The propulsion aspects are discussed in a companion report, NASA-CR-134617, 
“727/JTtD-lOO Series Engine Exhaust System Propulsion Performance Model Test". 
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3.0 NOMENCLATURE 


dB 

• 

decibels re. .0002 microbar 


- 

corrected net thrust - lbs. (full scale) 

OASPL 


overall sound pressure level » dB 

PNL 

- 

perceived noise level, PNdB 

'’tp 

- 

total pressure ratio, - primary 

^TS 

- 

total pressure ratio, - secondary 

’’’tp 

- 

total temperature - primary, *R 

Tts 

- 

total temperature - secondary, *R 

V 

- 

jet velocity, ft/sec 

^PRI 

- 

mass flow primary > Ibs/sec (model scale) 

UIF 


Wall Isolation Facility 

“sec 

- 

mass flow secondary - Ibs/sec (model scale) 


’mGmmQ patse 



4.0 MODEL AND TEST DESCRIPTION 


4.1 MODEL DESCRIPTION 

The test nozzles Included 1/8th scale models of the following nozzle systems: 

• JT8D-9 - Baseline 

• JT80.109 - Phase I 

• JT8D-109 - P&WA 

• JT80-109 - P&WA (with swirl vanes) 

• JT8D-109 - Boeing 

• JT8D-115 - P&WA 

• JT8D-115 - Boeing 

• JT8D-117 - P&WA 

• JT8D-117 - Boeing (2 variations) 

Sketches of the components used to assemble the above models are shown in 
Figures 1 and 2. Table 1 shows the hardware combinations for each of the 
above configurations listed in the sequence of testing. Photographs of the 
nozzle hardware are shown on Figures 3 thru 5. In addition to the above 
models, a 2" conical single flow nozzle was used in facility checkout. 

4.2 TEST FACILITY 

The tests were conducted at the Wall Isolation Facility at North Boeing Field, 
which had been specially modified to include a high temperature muffler 
intended to minimize valve and burner noise. The facility includes a 50 ft. 
by 13 ft. by 16 ft. concrete chamber which houses air supply lines, air heat- 
ing equipment, plenum chanbers, mufflers, flow measuring devices, and control 
valves (Figure 6). Test nozzles were attached to air supply lines which 
protrude through a 24" circular opening cut through the wall at one end of 
the chamber. Primary air was heated by means of a kerosene burner and was 
channeled through a fiberglas lined muffler section before exhausting through 
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the test nozzles « Secondary air was introduced from a 300 psi plant air 
supply into a 30" diameter plenum immediately upstream of the test nozzles. 

Outside the chamber (Figure 7), where the acoustic data were recorded, the 
face of the test cell and the ground plane under the centerline of the jet 
were treated with panels of 4" thick fiberglas to minimize sound reflections. 
Microphones were located on a 25' vertical arc above the jet axis. 

4.3 INSTRUMENTATION 

Acoustic data were recorded on a 14 channel Ampex tape recorder from 8 B&K 
1/4" condenser microphones mounted on a 25' radius vertical arc. Acoustic 
data were monitored on-line by means of a General Radio l/3rd octave band 
analyzer. Performance data were recorded on punch paper tape from a number 
of pressure and temperature transducers, yielding primary and secondary total 
pressures, total temperatures, mass flows and ideal velocities. 

4.4 TEST PROCEDURE 

The test nozzles were affixed one at a time to the test fixture, and total 
temperatures and pressures in the supply lines were adjusted to the desired 
test conditions. These parameters were continuously monitored until stability 
was achieved. Acoustic data were then recorded for approximately 30 seconds, 
and nozzle conditions were recorded during a 3 second interval about midway 
through the 30 second interval. 

4.5 TEST CONDITIONS 

A total of 227 test conditions were run as shown in Table II. The test 
conditions for the refan and baseline nozzles represent ground static power 
lines for their respective engine cycles. In addition, each nozzle was run 
at flight power settings equivalent to the engine cycle conditions which 
exist at representative FAR 36 points for a 727-200 airplane. For the 



purposes of this simulation, absolute (as opposed to relative) primary and 
secondary velocities were matched to those of the equivalent flight conditions. 


One of the major difficulties in performing the model simulation resulted 
from the lack of capability to heat the secondary air. With this restriction, 
an exact match of engine cycle conditions was not possible. Secondary air 
total temperatures for the JT8D-9 engine range up to 240*F at takeoff power 
and those for the JT80-109 refan engine range up to 180“F at takeoff power, 
whereas the test rig secondary air temperature was limited to ambient tempera- 
ture of 40®F to 60®F. However, since jet velocity is the dominant parameter 
in determining jet noise level, it was decided to use a correct primary/secon- 
dary velocity match, and to allow other flow parameters to deviate from engine 
cycle conditions. This method of modeling resulted in a lower secondary 
temperature and higher total pressure and density than those of the actual 
engine cycle. The higher secondary pressure resulted in excessive encroach- 
ment of the secondary stream on the primary, and consequently, the secondary 
mass flow was too large and the primary mass flow too small. This problem 
is discussed further in Section 5.4. 

4.6 DATA REDUCTION & ANALYSIS 

The acoustic analog tapes were reduced at the Boeing Acoustics Laboratory to 
(27) as-measured l/3rd octave band levels from 200 Hz to 80 KHz using a 
General Radio real time analyzer. The l/3rd octave band digital data were 
recorded on magnetic tape and sent to the Boeing CDC 6600 computer tape 
library where it could be accessed for further analysis. 

A dynamic editor program was used to shift the model scale digital data to 
full scale frequencies by simply changing the frequency designation of any 
particular model scale band level to its full scale equivalent (each frequency 
was reduced by a factor of 8, the geometric scale factor of the sub-scale 
model test). All frequencies shown on the graphs in this report are full 



scale frequencies, except those on Figures 9 thru 38 which refer to the 
muffler evaluation (those spectra are shown at as-measured frequencies). 

A data bank program was used to sort and reformat the data. A third program 
was used to extrapolate the full scale acoustic data to a 150 ft. polar arc 
and to 200 ft. and 1500 ft. sidelines. These extrapolations were performed 
using only inverse square energy decay and atmospheric attenuation based on 
ARP 866 (Society of Automotive Engineers, Aerospace Recommended Practice 866). 



5.0 DISCUSSION OF TEST RESULTS 


5.1 MUFFLER EVALUATION 

Prior to the test, a high temperature muffler was installed in the primary 
flow system downstream of the burner to prevent burner noise from influencing 
the jet noise data. To demonstrate that the muffler effectively reduced 
internal noise to a level satisfactorily lower than the jet noise level for 
a baseline and refan nozzle conditions, a two inch diameter single flow conical 
nozzle was run, both with and without the muffler in the system, at mass flows 
and velocities similar to those of the primary system for the baseline and 
refan nozzles. When the noise data fran this test is plotted versus log of 
jet velocity, the jet noise can be identified by its linear fit (80 logv), 
while internal noise can be identified by its departure from a V® linear fit. 
Analyzing the data in this manner shows that internal noise does not influence 
the jet noise data for any nozzle conditions tested when the muffler is in 
the system, and that internal noise is a significant factor only for the 
lowest jet velocities when the muffler is removed from the system. A more 
detailed description of this test is given in the following paragraphs. 

The nozzle was first run with unheated airflow, to check the muffler attenua- 
tion with very low jet velocities. The results of this test sequence are 
summarized on Figure 8, where it is seen that the muffler provides about 7 dB 
attenuation in OASPL at the lowest flow velocities tested (430 ft/sec). The 
OASPL attenuation decreases as the flow velocity is increased and the jet 
noise floor begins to dominate the spectra. A more detailed look at this 
transition is given by scanning the spectra of Figures 9 thru 18. 

A result similar to that of the cold flow case was obtained when the burner 
was turned on. For a 1010"R jet temperature (Figure 19), the muffler provided 
some attenuation in OASPL at the lowest jet velocities tested, but at higher 
jet velocities (> 800 ft/sec) the OASPL attenuation was masked by jet noise 



floor. At a jet tanperature of 1420®R (Figure 20) the muffler shows no signi- 
ficant attenuation in OASPL for any jet velocity tested. These results can 
be seen more clearly by examining the spectra plots. Scanning from Figures 
21 thru 30, the jet noise is seen to increase with increasing velocity at a 
more rapid rate than does the internal noise (those frequencies which are 
affected by the muffler), until at the highest velocity (Figures 29 and 30) 
the entire spectrum is jet noise dominated. Figures 31 thru 38 show that the 
spectra are jet noise dominated over the entire velocity range for the 1400"R 
jet temperature conditions (900 to 1600 ft/sec). This result seems reasonable, 
since at fixed jet velocity internal noise would be expected to be a strong 
function of internal Mach number, and therefore temperature; whereas jet noise 
is only a weak function of temperature (for fixed jet velocity). 

A full evaluation of the internal noise characteristics of the primary flow 
system would require a complete parametric study (nozzle area, mass flow, 
velocity), which is beyond the scope of the present test. However, based on 
the present data, the following general statement can be made: With the 
muffler in the system, the internal noise floor of the primary flow system 
is acceptable for all baseline and refan nozzle conditions of interest from 
a jet noise standpoint. 

5.2 EVALUATION OF SWIRL EFFECT 

A set of swirl vanes was fabricated to simulate the turbine exhaust swirl of 
a JT8D-109 at takeoff power, in order to determine what effect, if any, 
primary swirl has on low frequency exhaust noise. Although the swirl vanes 
produced the correct swirl angle (approximately 18° at hub, 0° at tip) only 
at takeoff power, test conditions were run over the entire power range. While 
this certainly is not a valid simulation of the low power swirl for a JT8D-109, 
it does provide some information on the effect of swirl as a function of jet 
velocity. The results of this test are summarized on Figures 39 and 40, which 
show that at the 140“ directivity angle, the swirl vanes produced a small 
effect on OASPL at high power settings and a lesser effect at lower power. 

At the 110“ directivity angle, the effect of the swirl vanes is negligible. 
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The thrust values shown on these figures are based on total temperature and 
pressure measurements made upstream of the station where the swirl vanes 
were Installed, and therefore do not include the effect of any losses caused 
by the vanes. However, measurements made in performance tests of this same 
nozzle indicate that thrust loss caused by the swirl vanes is less than 0.5%. 
This thrust loss has a jet noise equivalent of about .1 to .2 dB, and there- 
fore cannot entirely explain the noise reduction afforded by the swirl vanes. 
One possible explanation for this noise reduction is that the swirl may have 
enhanced mixing of the primary and secondary streams, thus yielding a lower 
average primary jet velocity. 

The spectra plots of Figures 41 thru 55 show more detail of the effect of the 
swirl vanes. These plots show that the swirl vanes caused an increase in mid 
frequency noise (500 Hz to 5000 Hz) at all power settings and a decrease in 
low frequency noise, which was most noticeable at the higher power settings. 

It is believed that the mid frequency noise increase is due to noise generated 
by the swirl vanes themselves, and this effect may or may not be present in a 
real engine nozzle. In either case, this small difference in mid frequency 
noise is not an important factor when viewed in light of overall jet noise. 

5.3 ENGINE CYCLE COMPARISON 

Noise data for ground static power line conditions for all JT8D refan and 
baseline nozzle configurations that were tested are compared on Figures 56 
thru 71. The four basic engine cycles are comapred on Figures 56 and 57 
(throttling curves) and Figures 58 and 59 (spectra). These figures show the 
distinct jet noise benefits afforded by refanning the JT8D engine. This 
benefit is seen to increase with thrust*, to maximum of approximately 8 dB 
(OASPL) for the JT8D-109 at 15,000 lbs. thrust and to 6 to 7 dB for JT8D-115 

* Whenever the term "thrust" is used in this report with reference 
to a model nozzle, it is meant as the full scale engine static thrust 
corresponding to the primary jet velocity at which the model was run. 
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These deltas are compared with earlier results in Section 
5.4, and with predictions in Section 5.5. The spectral comparisons of 
Figures 58 and 59 show an orderly progression in the noise levels of the 
three refan cycles, in the direction that would be expected from considera- 
tions of the engine cycle parameters. 


Figures 60 thru 63 show comparisons of the three JT8D-109 nozzles that were 
tested. These figures show no experimentally significant differences between 
the three JT8D-109 nozzles. Figures 64 thru 67 show a similar comparison for 
the two JT8D-115 nozzles. Again, there appears to be no significant differ- 
ence between the two. 


A similar comparison for the three JT8D-117 nozzles is shown on Figures 68 
thru 71. Here, one of the Boeing JT8D-117 nozzles {Configuration 10 from 
Table I) is distinctly noisier than the other two -117 nozzles. Performance 
data from the companion report on the propulsion characteristics of these 
nozzles (NASA CR-134617; "727/JT8D-100 Series Engine Exhaust System Propulsion 
Performance Test") show that this nozzle did not achieve the proper JT8D-117 
primary-secondary area split resulting in a bypass ratio lower than that of 
the engine cycle. This nozzle also exhibited thrust losses approximately 0.53i 
greater than those of the two other JT8D-117 nozzle configurations. Based on 
both the acoustic and propulsion results, this configuration has been deter- 
mined not to be a suitable candidate for the JT8D-117 nozzle system. 

Additional test data are presented on Figures 83 thru 122. Figures 83 thru 
92 include throttling curves for all baseline and refan configurations with 
log of primary jet velocity as abcissa. Also, included are OASPL directivity 
plots (Figures 93 thru 102) and spectra at approach, cutback and takeoff 
power settings for all configurations. 
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5.4 COMPARISONS WITH PHASE I RESULTS 


Two of the nozzle configurations Included in the present l/8th scale model 
test were among the l/20th scale model nozzles tested in Phase I of the NASA 
funded program. These configurations were the JT8D-9 baseline nozzle and a 
JT8D-109 configuration referred to as "Phase I refan". The airflow facilities 
for the two tests were substantially different, and each test had its own 
particular cycle match limitations. The Phase I test employed electrical air 
heaters for both the primary and secondary airflow. This equipment provided 
adequate heating for the secondary air over most of the power range, but the 
primary air was limited to a maximum temperature of approximately llOO^R. 

When the velocities were matched to those of the engine cycle, this resulted 
in primary air densities higher than those for the real engine cycle, and 
consequently, the bypass ratios for the test were slightly lower than those 
of the engine cycle. The Phase II test used a kerosene burner to heat the 
primary airflow, but there was no capability to heat the secondary air. This 
combination resulted in bypass ratios higher than those for the real engine 
cycle, as discussed in Section 4.5. 

Noise data from the Phase I and Phase II tests are compared on Figures 72 and 
73. These figures show throttling curves for the two nozzle configurations 
that were run in both tests. Only that Phase I data for which the primary 
and secondary velocity match was a correct simulation of real engine condi- 
tions is shown. This condition was met for all Phase II data. The differ- 
ence in bypass ratio for the two tests is believed to be responsible for the 
difference in noise level, which is greatest at the highest power settings. 

As will be explained later, one would expect the Phase II noise data to be 
somewhat lower than the noise levels for equivalent real engine cycle condi- 
tions, with this increment increasing with increasing thrust. The Phase I 
noise data would be expected to be somewhat higher than equivalent engine 
levels, with the JT8D-9 showing a larger departure from the engine cycle 
than does the JT8D-109 (the JT8D-109 has a lower temperature primary and it 
was, therefore, more closely simulated in the test than was the JT8D-9). 



FoMOwing this line of reasoning, the curves on Figures 72 and 73 are believed 
to be representative of the jet noise characteristics of the real engine cycles 
of the JT8D-9 and the JT8D-109 engines. These curves show a refan benefit of 
8 to 10 dB throughout the power range. 

This contention is supported by the results of a brief experiment which was 
conducted during the Phase II testing of the JT8D-109 nozzle (Phase I refan). 

At three different power settings, the nozzle was run at the same primary 
velocity as that of the real engine cycle. First, at the proper primary 
temperature and then at a greatly reduced primary temperature. Secondary 
temperature and velocity remained unchanged. The primary temperature change 
resulted in a large change in bypass ratio, and yielded a direct measurement 
of the effect of bypass ratio on noise at fixed primary and secondary velo- 
cities. For the highest power setting (Fn/6 = 16,300), the bypass ratio 
decreased from 5.7 to 1.8 when the primary temperature was reduced.yielding 
a pair of test conditions which bracket the real engine cycle conditions. 

For the lower power settings, the change was from approximately 5 to 
approximately 3. The low bypass ratio points are shown as inverted triangles 
on Figures 72 and 73. At the highest power setting, the change in bypass 
ratio produced a noise change of approximately 4 dB, while at the lower 
settings, the change was less than 1 dB. This result indicates that the 
Phase II engine cycle test conditions are a reasonably good simulation of the 
jet noise features of a real engine cycle over most of the power range. At 
the highest thrust settings, however, the departure of nozzle test conditions 
from real engine cycle conditions (secondary temperature, secondary density, 
and bypass ratio) is so large that the effect of the bypass ratio error on 
noise level cannot be neglected. The low bypass ratio mode of operation, which 
gives an approximately correct simulation of JT8D-109 engine bypass ratio, shpuld 
produce noise levels higher than those of the real engine cycle because of ex- 
cessive mass flow in both the primary and secondary; the high bypass ratio mode 
should produce noise levels lower than real engine cycle conditions because the noise 
increase produced by the excessive secondary mass flow is more than compensated 
by the noise decrease produced by the effective reduction in primary area, since 
the jet noise is dominated by primary stream conditions. The noise levels of 



the real engine cycle should lie between the noise levels of these two modes 
of operation, as shown on Figures 72 and 73. 


5.5 IMPACT ON PREDICTION PROCEDURE 

Acoustic data were predicted for the precise nozzle conditions that were run 
in the then test (as opposed to the "equivalent" real engine cycle conditions) 
using the current Boeing jet noise-prediction procedure (identified here as 
TEE215). This procedure does not give good agreement with the measured data. 
The predictions under-estimate the measured OASPL by 5 to 6 dB for the refan 
nozzles and by 3 to 4 dB for the baseline nozzle. This comparison is shown 
on Figures 74 thru 77 for JT8D-9, JT8D-109, JT8D-115, and JT8D-117 engines. 

The Boeing TEE215 jet noise prediction procedure calculates the jet noise for 
a dual flow jet nozzle in the following manner: (1) noise is calculated for 
the primary "core" jet as if it were a single flow turbojet; (2) a "bypass" 
correction based on the primary-secondary shear layer interaction is subtract- 
ed from the "core" jet level. This correction increases with increasing 
bypass ratio; (3) noise is calculated for a coalesced single jet having the 
same total momentum and airflow as do the primary and secondary streams 
together; (4) this "momentum averaged" secondary jet noise is then added 
logarithmically to the corrected primary jet noise to yield the jet noise 
prediction. It is believed that an excessively large bypass correction in 
this prediction procedure is responsible for the error in the predictions of 
the present test data, based on the fact that the procedure underpredicts by 
a smaller amount at lower bypass ratios (this procedure did substantially 
better at predicting the low bypass ratio Phase I data). This error is 
particularly important because it causes the procedure to underpredict the 
higher bypass ratio refan engine jet noise by more than it underpredicts the 
baseline JT8D-9, resulting in an overly optimistic prediction of the refan 
jet noise benefit. A comparison of the predictions of refan and baseline 
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engine jet noise for sea level static engine cycle conditions is shown on 
Figures 78 and 79. Figure 79 shows a refan (JT8D-109) benefit of 12 dB OASPL 
at maximum thrust for the JT8D-9. This compares to an Improvement of only 
10 dB for a similar condition from the test data (Figure 73), 

While the test data points out the shortcomings of the prediction procedure 
with regard to the bypass correction, at the same time It substantiates some 
other features of the procedure. Figures 74 thru 77 show that the procedure 
does a remarkably good job of predicting the shape of the throttling curves, 
and of predicting the Increments among the three refan engine cycles. 

Two other computerized jet noise prediction procedures are available at Boeing, 
and these have also been used to predict the present test data. One of the 
procedures was developed by the Boeing Acoustics Research Staff and Is similar 
to the TEE215 procedure described above, except that it adds a third source, 
that of the secondary shear layer. This procedure is identified here as JENl. 
The other prediction procedure was developed by Rolls Royce, and Is similar 
to the proposed SAE jet noise prediction procedure. This procedure simply 
calculates the jet noise for the primary and then corrects for the presence of 
the fan flow depending on area ratio and velocity ratio. This procedure 
calculates the primary jet noise In a manner Identical to that used In the 
JENl procedure, and the two differ only In the manner In which account Is 
taken of the effect of the secondary jet (I.e,, the bypass correction). 
Predictions from the three procedures are compared with test data on Figures 
80 thru 82. These curves show that the RR/SAE procedures comes closer to 
predicting the test data than do the Boeing procedures. This adds credence 
to the supposition that the Boeing procedures use an excessively large bypass 
correction. More Important than that, however, these curves show that all 
three procedures need further refinement. 

The present data will be used to update the Boeing jet noise prediction 
procedure and this will result In substantially Improved predictions of the 
community noise benefit of refan engines. 
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6.0 CONCLUSIONS 


The JT8D-109 engine cycle affords a jet noise benefit of approximately 9 dB 
(OASPL) relative to the JT8D-9 baseline engine compared on an equal thrust 
basis at maximum JT80-9 static thrust. The JT8D-115 and JT8D-117 afford 
approximately 1 dB and 3 dB less jet noise benefit, respectively, than does 
the JT80-109, when compared on an equal thrust basis. 

The turbine exhaust swirl of the JT80-109 engine produces no significant 
effects on the jet noise characteristics of that engine. 

The Boeing jet noise prediction procedure does not give good agreement with 
the test data on an absolute noise level basis. On an incremental noise level 
basis, the prediction procedure is substantially better, but it is still in 
need of some improvement. This procedure should be reviewed and updated to 
reflect the results of this test data. 

The method used in this test to simulate engine cycle conditions (correct 
primary and secondary velocity match, excessive bypass ratio), creates prob- 
lems which make analysis of the data very difficult. (However, when no 
secondary heating capability is available, the alternative method (matching 
primary and secondary total temperature ratio to engine conditions) is also diff- 
icult.) In both cases, the correction required to convert noise data to real 
engine cycle conditions is unknown, and must be obtained by indirect means. 

Data analysis would be simplified and reliability of results would be 
enhanced if exact engine cycle conditions could be matched. For future noise 
testing of retracted primary dual flow jet nozzles, this facility improvement 
is strongly recommended. 
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TABLE 1 


MODEL HARDWARE 
TEST SEQUENCE 


CONFIGURATION HARDWARE NOTATION (FROM FIGURES 1 & 2) 

OUTER 

NOZZLE NOZZLE 


NO. 

DESCRIPTION 

WALL 

SPLITTER 

PLUG 

EXIT 

1 

2" Conical Nozzle 

N.A. 




2 

3.25" Conical Nozzle 

N.A. 




3 

JT8D-9 Production 

C2 

SI 

PI 

C2 

4 

JT80-109 P&WA Ref. 

C3 

S2 

P2A 

E2 

5 

JT8D-109 (Phase I Refan) 

N.A. 




6 

JT8D-109 P&WA Ref. 
(Swirl) 

C3 

S2 

P2A 

E2 

7 

0T8D-117 P&WA Ref. 

C3 

S4 

P2A 

E4 

8 

JT8D-109 Boeing 

C4 

S5 

P5-1 

E5 

9 

JT8D-117 Boeing 

C4 

S7 

P5-1 

E7 

10 

JT8D-117 Boeing 

C4 

S5 

P5-3 

E7 

11 

0T80-115 Boeing 

C4 

S6 

P5-1 

E5 

12 

JT8D-115 P&WA Ref. 

C3 

S3 

P2A 

E3 

13 

2" Conical Nozzle 

N.A. 





N.A. > Figures 1 and 2 not applicable 
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TABLE 2 


SUMMARY OF TEST CONDITIONS 


PRIMARY SECONDARY 


CONFIGURATION 

i RUN 

’'tp 

Ttp 

*^N/6 

*^PRI 

'^PRI 

**TS 

"ts 

rn 

o 

WsEC 

1 

2 

1.03 

531 


.45 

238 





(2" CONICAL) 

3 

1.10 

531 


.81 

427 





4 

1.20 

531 



553 






5 

1.37 

528 


1.51 

742 






6 

1.62 

528 


1.94 

904 






7 

1.82 

526 


2.27 

999 






8 

1.11 

1016 


.55 

594 






9 

1.21 

1022 


.77 

805 






10 

1.42 

1012 


1.12 

1077 






11 

1.62 

1008 


1.38 

1249 






12 

1.83 

1014 


1.58 

1391 






14 

1.19 

1431 


.64 

909 






15 

1.41 

1414 


.73 

1259 






16 

1.60 

1429 


1.11 

1477 






17 

1.80 

1420 


1.33 

1632 





5 

41 

1.10 

1237 

4000 

.657 

641 

1.19 

504 

540 

3.95 

(PHASE I 

42 

1.16 

1265 

6000 

.786 

791 

1.30 

503 

659 

5.07 

REFAN) 

43 

1.19 

1286 

7000 

.885 

871 

1.33 

503 

691 

5.27 

44 

1.22 

1295 

8000 

.943 

934 

1.39 

505 

738 

5.77 


45 

1.27 

1321 

9000 

1.04 

1021 

1.45 

506 

784 

6.19 


46 

1.31 

1328 

10000 

1.12 

1098 

1.52 

506 

829 

6.66 


47 

1.36 

1352 

11000 

1.25 

1169 

1.56 

506 

852 

6.81 


48 

1.40 

1376 

12000 

1.27 

1236 

1.62 

507 

884 

7.12 


49 

1.43 

1393 

13000 

1.26 

1278 

1.69 

507 

922 

7.74 


50 

1.48 

1427 

14000 

1.27 

1350 

1.76 

507 

955 

8.15 


51 

1.53 

1443 

15000 

1.34 

1414 

1.83 

508 

984 

8.49 


52 

1.62 

1454 

12380* 

1.53 

1504 

1.91 

508 

1013 

8.76 


53 

1.43 

1378 

8640* 

1.39 

1275 

1.64 

507 

897 

7.19 


54 

1.29 

1343 

6310* 

1.17 

1070 

1.44 

508 

779 

5.92 


55 

1.36 

1127 

6310* 

1.65 

1068 

1.44 

509 

779 

5.59 


56 

1.56 

1119 

8640* 

2.18 

1272 

1.65 

509 

900 

6.67 


57 

2.06 

1026 

12380* 

3.93 

1519 

1.91 

508 

1017 

7.06 


58 

2.28 

1024 


4.34 

1610 

2.14 

508 

1093 

7.93 

* Corrected 

Net 

Thrust 

for FAR 36 Flight Conditions, 

727-200 Airplane - 
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TABLE 2 (continued) 
SUMMARY OF TEST CONDITIONS 


PRIMARY SECONDARY 


CONFIGURATION 

RUN 

•^TP 

^TP 


•^PRI 

''PRI 

^TS 

^TS 

'^SEC 

'^SEC 

3 

61 

1,20 

1186 

4000 

.759 

842 

1.35 

513 

715 

2.76 

(0T8D-9) 

62 

1.33 

1216 

6000 

1.06 

1076 

1.50 

513 

819 

3.12 


63 

1.40 

1247 

7000 

1.12 

1178 

1.60 

513 

882 

3.43 


64 

1.46 

1265 

8000 

1.18 

1256 

1.71 

514 

938 

3.81 


65 

1.55 

1317 

9000 

1.29 

1369 

1.80 

514 

978 

3.99 


66 

1.61 

1343 

10000 

1.32 

1437 

1,90 

514 

1019 

4.30 


67 

1.69 

1376 

11000 

1.31 

1521 

2.05 

514 

1070 

4.73 


68 

1.78 

1409 

12000 

1.40 

1606 

2.13 

514 

1094 

4.85 


69 

1.87 

1440 

13000 

1.41 

1688 

2.30 

515 

1144 

5.32 


70 

1.93 

1483 

14000 

1.38 

1755 

2.43 

515 

1177 

5.74 


71 

2.03 

1528 

15000 

1.38 

1845 

2,59 

515 

1214 

6.10 


72 

2.05 

1510 

12380* 

1.39 

1846 

2.62 

515 

1220 

6.26 


73 

1.74 

1310 

8640* 

1.56 

1520 

1.99 

518 

1052 

4.32 


74 

1.51 

1216 

6310* 

1.44 

1278 

1.65 

518 

911 

3.37 

4 

77 

1.11 

1232 

4000 

.850 

664 

1.19 

507 

539 

3.22 

(P&WA-109) 

78 

1.15 

1267 

6000 

.909 

783 

1.29 

507 

652 

4.13 


79 

1.20 

1284 

7000 

1.07 

886 

1.34 

507 

700 

4.46 


80 

1.24 

1304 

8000 

1.17 

960 

1.39 

508 

741 

4.76 


83 

1.27 

1321 

9000 

1.20 

1024 

1.45 

511 

784 

5.12 


84 

1.32 

1334 

10000 

1.35 

1103 

1.51 

512 

825 

5.42 


85 

1.36 

1365 

11000 

1.42 

1180 

1.56 

512 

855 

5.64 


86 

1.38 

1369 

12000 

1.43 

1204 

1.63 

512 

897 

6.18 


87 

1.44 

1391 

13000 

1.55 

1294 

1.69 

513 

925 

6.38 


88 

1.50 

1424 

14000 

1.63 

1370 

1.75 

514 

957 

6.69 


89 

1.53 

1442 

15000 

1.60 

1412 

1.82 

513 

986 

7.10 


90 

1.62 

1454 

12380* 

1.84 

1509 

1.88 

515 

1012 

7.19 


* Corrected Net Thrust for FAR 36 Flight Conditions, 727-200 Airplane - 



TABLE 2 (continued) 
SUMMARY OF TEST CONDITIONS 


PRIMARY SECONDARY 


CONFIGURATION 

RUN 

’’tp 

Ttp 

^N/6 

“PRI 

Vri 

•*TS 


'^SEC 

“sec 

6 

93 

1.11 

1233 

4000 

.812 

664 

1.19 

520 

549 

3.20 

(P&WA -109 

94 

1.15 

1265 

6000 

.938 

783 

1.28 

519 

648 

3.98 

SWIRL) 

95 

1.19 

1282 

7000 

1.05 

872 

1.33 

519 

702 

4.38 


96 

1.23 

1310 

8000 

1.11 

955 

1.39 

519 

748 

4.73 


97 

1.26 

1323 

9000 

1.21 

1018 

1.44 

518 

834 

5.05 


98 

1.33 

1319 

10000 

1.39 

1113 

1.51 

518 

834 

5.44 


99 

1.35 

1352 

11000 

1.43 

1164 

1.56 

518 

860 

5.64 


100 

1.39 

1369 

12000 

1.42 

1223 

1.62 

518 

898 

6.06 


101 

1.44 

1374 

13000 

1.55 

1286 

1.68 

518 

927 

6.33 


102 

1.51 

1429 

14000 

1.64 

1389 

1.75 

519 

960 

6.61 


103 

1.54 

1440 

15000 

1.63 

1423 

1.81 

518 

988 

6.95 


104 

1.62 

1442 

12380* 

1.83 

1502 

1.89 

519 

1018 

7.24 

7 

107 

1.09 

1263 

4000 

.532 

606 

1.13 

516 

465 

3.04 

(-117 P&WA) 

108 

1.23 

1343 

6000 

.947 

963 

1.27 

515 

644 

4.21 


109 

1.27 

1354 

7000 

1.11 

1032 

1.30 

516 

666 

4.31 


110 

1.31 

1383 

8000 

1.16 

1121 

1.35 

516 

715 

4.69 


111 

1.36 

1394 

9000 

1.22 

1188 

1.41 

516 

760 

5.08 


112 

1.41 

1420 

10000 

1.29 

1263 

1.45 

516 

790 

5.31 


113 

1.46 

1431 

11000 

1.44 

1335 

1.49 

517 

818 

5.49 


114 

1.52 

1469 

12000 

1.48 

1415 

1.55 

517 

852 

5.78 


115 

1.57 

1490 

13000 

1.59 

1474 

1.60 

517 

884 

6.10 


116 

1.64 

1515 

14000 

1.66 

1551 

1.67 

517 

920 

6.43 


117 

1.70 

1547 

15000 

1.73 

1621 

1.73 

517 

948 

6.72 


118 

1.76 

1563 

16000 

1.79 

1681 

1.79 

517 

978 

7.07 


119 

1.81 

1606 

16900 

1.81 

1744 

1.85 

517 

1002 

7.27 


* Corrected Net Thrust for FAR 36 Flight Conditions. 727-200 Airplane - 



TAuLE Z (coritlriued) 
SUMMARY OF TEST CONDITIONS 


PRIMARY 


CONFIGURATION RUN 


8 125 

(BOEING-1 09) 126 

127 

128 

129 

130 

131 

132 

133 
.. 134 

135 

136 

137 

138 

9 141 
(BOEING-117) 142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 


^TP 

^TP 

^N/6 

1.10 

1233 

4000 

1.16 

1258 

6000 

1.21 

1282 

7000 

1.23 

1304 

8000 

1.27 

1323 

9000 

1.32 

1338 

10000 

1.36 

1358 

11000 

1.40 

1369 

12000 

1.44 

1391 

13000 

1.48 

1422 

14000 

1.54 

1436 

15000 

1.62 

1447 

12380* 

1.42 

1382 

8460* 

1.29 

1334 

6310* 

1.08 

1263 

4000 

1.21 

1341 

6000 

1.26 

1362 

7000 

1.31 

1371 

8000 

1.36 

1396 

9000 

1.42 

1418 

10000 

1.46 

1443 

11000 

1.52 

1469 

12000 

1.58 

1499 

13000 1 

1.64 

1515 

14000 

1.70 

1644 

15000 

1.76 

1562 

16000 

1.82 

1592 

16900 


*^PRI 

Vri 

Pts 

.816 

646 

1.18 

.961 

796 

1.28 

1.14 

902 

1.33 

1.12 

949 

1.39 

1.22 

1027 

1.45 

1.36 

1108 

1.50 

1.41 

1168 

1.56 

1.48 

1225 

1.62 

1.52 

1291 

1.68 

1.58 

1345 

1.74 

1.67 

1416 

1.81 

1,80 

1502 

1.89 

1.53 

1262 

1.63 

1.32 

1069 

1.43 

.529 

584 

1.13 

.927 

924 

1.26 

1.08 

1031 

1.31 

1.18 

1113 

1.35 

1.26 

1187 

1.40 

1.35 

1273 

1.45 

1.46 

1333 

1.49 

1.52 

1418 

1.56 

1.60 

1487 

1.60 

1.70 

1556 

1.67 

1.78 

1626 

1.73 

1.84 

1681 

1.78 

1.87 

1744 

1.85 


^TS 

'^SEC 

'^SEC 

521 

540 

3.21 

519 

652 

4.06 

518 

700 

4.41 

518 

752 

4.85 

518 

792 

5.17 

518 

826 

5.44 

518 

859 

5.71 

517 

895 

6.14 

518 

928 

6.42 

517 

.954 

6.73 

517 

987 

7.06 

517 

1016 

7.34 

518 

902 

6.08 

519 

782 

4.94 

513 

460 

2.98 

511 

623 

4.01 

511 

675 

4.37 

512 

711 

4.61 

512 

750 

4.90 

513 

785 

5.14 

514 

819 

5.43 

514 

856 

5.73 

515 

883 

5.93 

515 

916 

6.25 

516 

947 

6.53 

516 

972 

6.78 

516 

998 

7.07 
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TABLE 2 (continued) 
SUMMARY OF TEST CONDITIONS 


PRIMARY SECONDARY 


CONFIGURATION RUN 

'’tp 

^TP 

^N/6 

“pRI 

'^PRI 

•*TS 

^TS 

'^SEC 

^SEC 

10 

159 

1.09 

1262 

4000 

.625 

597 

1.14 

522 

473 

2.81 

(BOEING-117) 

160 

1.23 

1349 

6000 

1.09 

962 

1.27 

521 

641 

3.81 


161 

1.27 

1352 

7000 

1.21 

1033 

1.30 

521 

673 

4.01 


162 

1.31 

1378 

8000 

1.28 

1113 

1.36 

521 

722 

4.36 


163 

1.35 

1391 

9000 

1.36 

1179 

1.40 

521 

757 

4.64 


164 

1.41 

1413 

10000 

1.46 

1260 

1.45 

520 

792 

4.90 


165 

1.46 

1442 

11000 

1.57 

1340 

1.49 

521 

822 

5.09 


166 

1.52 

1469 

12000 

1.63 

1415 

1.56 

521 

862 

5.46 


167 

1.58 

1490 

13000 

1.76 

1484 

1.60 

521 

888 

5.63 


168 

1.63 

1512 

14000 

1.81 

1547 

1.67 

521 

922 

5.94 


169 

1.70 

1542 

15000 

1.87 

1621 

1.73 

522 

953 

6.21 


170 

1.76 

1567 

10000 

1.96 

1685 

1.79 

521 

978 

6.42 


171 

1.82 

1590 

16900 

2.04 

1744 

1.85 

522 

1005 

6.71 

11 

177 

1.20 

1321 

6000 

.946 

890 

1.26 

510 

626 

4.04 

(BOEING-115) 

178 

1.24 

1338 

7000 

1.09 

983 

1.30 

511 

665 

4.28 


179 

1.28 

1358 

8000 

1.15 

1053 

1.35 

511 

708 

4.63 


180 

1.32 

1376 

9000 

1.19 

1121 

1.40 

511 

748 

4.98 


181 

1.36 

1391 

10000 

1.32 

1208 

1.47 

511 

797 

5.41 


182 

1.42 

1411 

11000 

1.39 

1276 

1.51 

511 

824 

5.59 


183 

1.47 

1443 

12000 

1.41 

1346 

1.58 

511 

870 

6.09 


184 

1.51 

1456 

13000 

1.48 

1402 

1.64 

511 

899 

6.39 


185 

1.56 

1476 

14000 

1.61 

1475 

1.68 

512 

920 

6.52 


187 

1.62 

1496 

15000 

1.60 

1525 

1.76 

512 

958 

7.01 


188 

1.67 

1521 

16000 

1.66 

1585 

1.81 

512 

981 

7.21 


189 

1.72 

1535 

16718 

1.75 

1633 

1.85 

512 

998 

7.38 


190 

1.73 

1519 

12885* 

1.58 

1634 

1.96 

512 

1039 

8.17 


191 

1.46 

1393 

8445* 

1.39 

1317 

1.59 

514 

873 

6.14 


192 

1.30 

1350 

6310* 

1.12 

1083 

1.41 

515 

758 

5,13 
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TABLE 2 (continued) 

SUMMARY OF TEST CONDITIONS 

PRIMARY SECONDARY 


CONFIGURATION 

RUN 

•*TP 

^TP 

^H/6 

'^PRI 

'^PRI 

^TS 

^TS 

'^SEC 

“sec 

12 

195 

1.21 

1317 

6000 

1.00 

911 

1.26 

516 

631 

3.94 

(P&WA-115) 

196 

1.24 

1336 

7000 

1.04 

986 

1.30 

515 

671 

4.24 


197 

1.28 

1374 

8000 

1.11 

1065 

1.35 

514 

712 

4.56 


198 

1.33 

1374 

9000 

1.22 

1137 

1.40 

514 

755 

4.90 


199 

1.37 

1394 

10000 

1.27 

1207 

1.46 

514 

796 

5.29 


200 

1.42 

1411 

11000 

1.38 

1276 

1.51 

514 

827 

5.51 


201 

1.46 

1431 

12000 

1.39 

1330 

1.57 

514 

866 

5.95 


202 

1.51 

1452 

13000 

1.46 

1401 

1.63 

515 

899 

6.22 


203 

1.58 

1478 

14000 

1.58 

1478 

1.69 

515 

927 

6.47 


204 

1.61 

1503 

15000 

1.57 

1526 

1.75 

515 

958 

6.85 


205 

1.68 

1524 

16000 

1.64 

1595 

1.82 

515 

988 

7.19 


206 

1.70 

1546 

16718 

1.64 

1624 

1.85 

515 

1000 

7.33 


207 

1.73 

1517 

12685* 

1.53 

1635 

1.97 

515 

1044 

8.16 


208 

1.45 

1393 

8445* 

1.38 

1307 

1.58 

516 

874 

6.09 


209 

1.30 

1343 

6310* 

1.12 

1084 

1.40 

516 

752 

4.98 

13 

212 

1.03 

1030 


.270 

321 

2.506 




(2“ CONICAL 

213 

1.10 

1030 


.500 

590 

2.770 




- NO 

214 

1.20 

1050 


.702 

807 

2.906 




MUFFLER) 

215 

1.40 

1030 


1.00 

1068 

3.028 





216 

1.60 

1026 


1.25 

1253 

3.097 





217 

1.80 

1026 


1.45 

1383 

3.140 





218 

1.20 

1425 


.583 

945 

2.975 





219 

1.40 

1422 


.831 

1258 

3.099 





220 

1.60 

1421 


1.02 

1477 

3.169 





221 

1.80 

1427 


1.16 

1629 

3.211 





222 

1.80 

563 


1.97 

1026 

3.011 





223 

1.60 

561 


1.70 

924 

2.965 





225 

1.40 

557 


1.40 

784 

2.895 





226 

1.20 

561 


.999 

590 

2.770 





227 

1.10 

563 


.713 

440 

2.64 





* Corrected Net Thrust for FAR 36 Flight Conditions. 727-200 Airplane - 
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TABLE 3 - P&WA SPLITTER COORDINATES 


SPLITTER CONFIGURATION NO. 


Rj^IN. 


3 

14.943 


15.030 


15.245 


R ~IN. 
0 


6.765 

6.765 

6.780 

6.810 


15.650 

16.835 

16.000 

16.860 

16.270 

16.890 

16.455 

16.900 

16.520 

16.840 

16.515 

16.735 

16.400 

16.575 



16,330 

16.500 


Rj^IN. 


3 

14.943 


14.950 


15.100 


15.280 


15.400 


15.460 


15.478 

15.436 


15.330 


15.140 


R^^IN. 

0 


16.765 

16.730 

16.644 


16.530 


16.400 


16.276 


16.140 


15.990 


15.850 


15.700 


15.516 


15.300 


Rj^IN. 


14.943 

14.943 

14.943 


14.943 


Rq^IN. 


15.135 


15.175 


15.110 


14.960 


14.710 

14.630 


16.680 

16.586 


16.410 


16.264 


16.086 


15.906 


15.728 


15.544 


15.332 


15.048 














































TABLE 4 - BOEING SPLITTER COORDINATES 















PLUG CONFIGURATION NO. 


■ 

P5-1 

' } 

P5-2 

P5-3 

■ 

Rp^-IN. 

RpL'^IN. 

RpC- 

0 

5.651 

5.651 

5.651 

2.0 

5.530 

5.651 

5.651 

4.0 

5.255 

5.702 

5.708 

6.0 

4.923 

5.869 

5.898 

8.0 

4.568 

6.030 

6.178 

10.0 

4.191 

6.188 

6.544 

12.0 

3.780 

6.339 

6.987 

14.0 

3.325 

6.490 

7.329 

16.0 

2.803 

6.637 

7.588 

18.0 

2.166 

6.712 

7.653 

20.0 


6.683 

7.618 

21.0 


6.661 

7.599 

23.0 


6.351 


25.0 


6.026 

7.049 

27 0 




29.0 


5.322 

6,457 

33.0 


4.517 

5.841 

37.0 


3.549 

5,095 

41.0 


2.192 

4.263 

45,0 



3,233 
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NOZZLE OUTER WALL 


CONFIGURATION NO, 

EXH 

C2 

C3 

STA 

♦ 


RADIUS“IN. 

RADIUS"IN. 

0 

20.5 

24.5 

6.0 

18.0 

— 

21.0 

— 

22.1 

27.08 

17. 18 

22.1 

46.76 

17.18 

22.1 

52.03 



22.1 




NOZZLE EXIT CONFIGURATION NO. 


EXH 

El 

E2 

E3 

E4 

■ 

STA 

RADIUS“IN. 

RADIUS“IN. 

RADIUS-IN. 

*RADIUS-IN. 

60 

70' 

.64 

1 — 

1 

14.92(D) 

14.96(A) 

19.24(D) 

19.22(A) 

19.01(D) 

18.99(A) 

18.93(D) 

18.92(A) 


NOTE: D - DESIGN DIMENSIONS 


A - ACTUAL HARDWARE DIMENSIONS 






figure: 2 


JT8D-9/727 8 PsWA JT8D-IOO REFEREiNCE 


NOZZLE TEST CONFIGURATIONS 




R8£0D?nuia, ( 




REPRODUCIBILITY OP THE 
ilBIGn^AL PAGE IB POOR 


PLUG 


FAN COWL 



FIGURE 3. - HARDWARE COMPONENTS FOR TYPICAL TEST NOZZLE 



FIGURE 4. - HARDWARE ASSEMBLY FOR TEST NOZZLE WTIH SWIRL VANES 



FIGURE 5. - TYPICAL TEST NOZZLE, ASSEMBLED 
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MUFFLER SECONDARY AIRFLOW 


BURNER 


PRIMARY AIRFLOW 


MUFFLER 


FIGURE 6. - INTERIOR VIEW OF WALL ISOLATION FACILITY 



FIGURE 7, - ACOUSTIC TEST ARENA, WALL ISOLATION FACILITY 
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log (vjg^) 


FIGURE 8. - COMPARISON OF 2" CONICAL NOZZLE THROTTLING CURVE 
WITH AND WITHOUT MUFFLER 



THIRDOaAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 








FIGURE n. 2“ COMICAL NOZZLE SPECTRA 
V - 553 ft/sec 
T - 530 Or 
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FREQUENCY IN HERTZ 


FIGURE 12, 2" CONICAL NOZZLE SPECTRA 
V - 553 ft/sec 
T • 530 ®R 
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FREQUENCY IN HERTZ 

FIGURE 13. 2" CONICAL NOZZLE SPECTRA 
V ■ 742 ft/sec 
T - 530 ®R 
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FIGURE 14. 2" CONICAL NOZZLE SPECTRA 
V ■ 742 ft/sec 
T - 530 OR 
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FREQUENCY IN HERTZ 

FIGURE 15. 2" COMICAL NOZZLE SPECTRA 
V ■ 904 ft/sec 
T - 530*R 
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FREQUENCY IN HERTZ 

FIGURE 16. 2” CONICAL NOZZLE SPECTRA 

V • 904 ft/sec 
T - 530 ®R 
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FREQUENCY IN HERTZ 

FIGURE 17. 2" CONICAL NOZZLE SPECTRA 

V • 999 ft/sec 
T - 530 OR 
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THIRD-OCTAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 



FREQUENCY IN HERTZ 

FIGURE 18. 2" CONICAL NOZZLE SPECTRA 
V ■ 999 ft/sec 
T - 530 OR 
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FIGURE 19. - COMPARISON OF 2" CONICAL NOZZLE THROTTLING CURVE WITH AND WITHOUT MUFFLER 
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FIGURE- 20. - COMPARISON OF 2" CONICAL NOZZLE INROHLING CURVE 
WITH AND WITHOUT MUFFLER 



THIRD-OCTAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 


SAND Ma 



FREQUENCY IN HERTZ 

FIGURE 21. 2" CONICAL HOnLE SPECTRA 

V ■ 594 ft/sec 
T • 1010 ®R 
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FREQUENCY IN HERTZ 

FIGURE 22. 2 " CONICAL NOZZLE SPECTRA 
V - 594 ft/sec 
T = 1010 *R 
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FIGURE 23. 


2 “ 


CONICAL NOZZLE SPECTRA 
V » 805 n/sec 
T • 1010 ®R 
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FIGURE 24. 2" CONICAL NOZZLE SPECTRA 

V ='805 ft/sec 
T = 1010 *R 
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FIGURE 25. 2* CONICAL NOZZLE SPECTRA 
V • 1077 ft/sec 
T • 1010 OR 
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FIGURE 26. 2" CONICAL NOZZLE SPECTRA 

V = 1077 ft/sec 
T = 1010 *R 
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FIGURE 27. 2“ CONICAL NOZZLE SPECTRA 

V = 1249 ft/sec 
T = 1010 *R 
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FREQUENCY IN HERTZ 

FIGURE 28. 2- CONICAL NOZZLE SPECTRA 
V = 1249 ft/sec 
T = 101 0*R 
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FREQUENCY IN HERTZ 

FIGURE 29. 2" CONICAL NOZZLE SPECTRA 
V • 1391 ft/sec 
T « 1010 


69 


THiRO-OaAVIE BAND LEVEL IN DB RE 0.0002 MICROBAR 



FREQUENCY IN HERTZ 

FIGURE 30 2" CONICAL NOZZLE SPECTRA 

V = 1391 ft/sec 
T = 1010 *R 
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THIRD-OaAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 


BAND NO. 



FREQUENCY IN HERTZ 

figure 3K 2"' conical NOZZLE SPECTRA 
V = 909 ft/sec 
T = 1420 "R 




FREQUENCY IN HERTZ 

FIGURE 32. 2" tX)NICAL NOZZLE SPECTRA 

V » 909 ft/sec 
T » 1420 ”R 
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THIRD-OCTAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 



FREQUENCY IN HERTZ 

FIGURE 33. 2" CONICAL NOZZLE SPECTRA 

V * 1259 ft/sec 
T - 1420 *R 
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THIRD-OCTAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 



FIGURE 34. 2" CONICAL NOZZLE SPECTRA 
V ■ 1259 ft/sec 
T - 1420 *R 


ADD dS D$ TO OBTAIN OCTAVE BAND UVa 



FIGURE 35. 2“ CONICAL NOZZLE SPECTRA 

V * 1477 ft/sec 
T « 1420 "R 
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THIRD-OCTAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 



FIGURE 36. 2“ CONICAL NOZZLE SPECTRA 

V - 1477 ft/sec 
T = 1420 "R 


76 



FIGURE 37, 2" CONICAL NOZZLE SPECTRA 

V » 1632 ft/sec 
T - 1420 *R 
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FREQUENCY IN HERTZ 

FIGURE 38. 2** CONICAL NOZZLE SPECTRA 

V « 1632 ft/sec 
T » 1420 ’R 
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FREQUENCY IN HERTZ 

FIGURE 41. P&MA 0T8D-1O9 NOZZLE 
SWIRL TEST 
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SWIRL TEST 
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FREQUENCY IN HERTZ 
FIGURE 43. P&WA JT8D-109 NOZZLE 
SWIRL TEST 
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THIRD-OaAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 



figure 44. PiMA JT80-109 NOZZLE 
SWIRL TEST 
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THIRD-OCTAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 
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FREQUENCY IN HERTZ 

FIGURE 45. P&WA JT8D-109 NOZZLE 
SWIRL TEST 
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THIRD-OaAVE BAND LEVEL IN DB RE 0,0002 MICROBAR 


BAND Na 


4u 42 
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10000 


FREQUENCY IN HERTZ 
FIGURE 46. P&WA JT80-.109 NOZZLE 
SWIRL TEST 
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THIRD-OCTAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 



FIGURE 47. P&WA JT8D-109 NOZZLE 
SWIRL TEST 
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ADD 4^ DB rO OBTAJN OaAVE BANO Lem. 
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»-800-100-T25-«Jtf 


FREQUENCY IN HERTZ 
FIGURE 48, P&VIA JT8D-109 NOZZLI 
SMIRL TEST 
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figure 49. P&WA JT8D-109 NOZZLE 
SWIRL TEST 
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THIRD-OCTAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 



e 



FREQUENCY IN HERTZ 
FIGURE 50. P&WA JT8D-109 NOZZLE 
SWIRL TEST 
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SWIRL TEST 
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FREQUENCY IN HERTZ 
FIGURE 52. P&MA JT8D-109 NOZZLE 
SWIRL TEST 
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FREQUENCY IN HERTZ 

FIGURE 53 . P&MA JT8D-109 NOZZLE 
SWIRL TEST 
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THIRD-OaAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 



FREQUENCY IN HERTZ 
FIGURE 54. P&WA JT8D-109 NOZZLE 

SWIRL TEST 
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SWIRL TEST 
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1 1^0* DIRECTIVITY ANGLE 
fBOEIHG NOZZLE CONFIG) 
















THIRD-OCTAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 



FREQUENCY IN HERTZ 

FIGURE 58. - 1/3 OCTAVE BAND SPECTRA 

JT8D-9, -109, -1 15,-117 COMPARISON 
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FREQUENCY IN HERTZ 

FIGURE 59. - 1/3 OCTAVE BAND SPECTRA 

JT8D-9,- 109,-1 15,-1 17 COMPARISON 
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FOR JT8D-I09 NOZZLES 



FIGURE 61. OASPL/THRUST THROTTLING CURVES FOR JT8D-I09 NOZZLES 








FREQUENCY IN HERTZ 


FIGURE 62 . 


1/3 OCTAVE BAND SPECTRA 
B0EIN&. PAWA^PHASE I 
JT8D-109 NOZZLE COMPARISON 
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THIRD-OCTAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 



FREQUENCY IN HERTZ 

FIGURE 63« - 1/3 OCTAVE BAND SPECTRA 

BOEING, P&MA, PHASE I 

JT8D-109 NOZZLE COMPARISON 
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FIGURE 65. OASPL/THRUST THROTTLING CURVES FOR JT8D- 1 15 NOZZLES 
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FREQUENCY IN HERTZ 

FIGURE 66. - 1/3 OCTAVE BAND SPECTRA BOEING, 

P&WA JT8D-115 NOZZLE COMPARISON 
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THJRD-OCTAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 



FREQUENCY IN HERTZ 

FIGURE 67. - 1/3 OCTAVE BAND SPECTRA 

BOEING, P&WA JT8D-115 NOZZLE COMPARISON 
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FIGURE 69 . OASPL/THRUST THROTTLING CURVES FOR JT 8 D-I 17 NOZZLES 
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FREQUENCY IN HERTZ 

FIGURE 70. - 1/3 OCTAVE BAND SPECTRA BOEING, 

P&WA JT8D-117 NOZZLE COMPARISON 
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FIGURE 71 




FIGURE 72. - COMPARISON OF JT8D-9 BASELINE AND JT8D-109 
(PHASE I) OASPL/THRUST THROTTLING CURVES 



















OASPL (dB) 



FIGURE 73. - COMPARISON OF JT8D-9 BASELINE AND JT8D-109 (PHASE I) 
OASPL/THRUST THROTTLING CURVES 
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FIGURE 74. - OASPL/THRUST THROTTLING CURVES MEASURED AND 
PREDICTED DATA, JT8D-I09,-M5,-1 17 NOZZLES 
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FIGURE 11 . - OASPL/THRUST THROmiNG CURVES JT8D-9.-109 NOZZLES 

MEASURED AND PREDICTED DATA AT MODEL TEST CONDITIONS 
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FIGURE 82. - MEASURED AND PREDICTED SPECTRA JT8D-109 

MODEL TEST CONDITIONS Fj^/& - 14000 LBS. 


UO* DIRECTIVITY ANGLE 
ISO ft. polar arc data 
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140‘'0IRECTIVITY ANGLE 
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FIGURE 88. OASPL NO I SE/ VELOCITY THROT 
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FIGURE 90. OASPL NOISE/VELOCITY THROTTLIHG CORVES - PiWA JT8D-II7 NOZZLE 
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9i». OASPL DIRECTIVITY PLOTS PHASE I REFAN NOZZLE 














DIRECTIVITY ANGLE (DEGREES) 


FIGURE 96. OASPL DIRECTIVITY PLOTS P4WA JT8D-I09 NOZZLE 
WITH SWIRL VANES) 












DIRECTIVITY ANGLE (DEGREES) 


98. OASPL DIRECTIVITY PLOTS P&WA JT8D-II5 NOZZLE 






OASPL (dB) 



FIGURE 99. OASPL DIRECTIVITY PLOTS BOEING JT8D- 1 1 5 NOZZLE 
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FIGURE 101. OASPL DIRECTIVITY PLOTS BOEING JT8D-I I7 NOZZLE 
(CONFIG. 10) 
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FIGURE 102. OASPL DIRECTIVITY PLOTS BOEING JT8D-I17 NOZZLE (CONFIG. 9) 



THIRD-OCTAVE BAND LEVEL IN DB RE 0,0002 MICROBAR 



FREQUENCY IN HERTZ 

FIGURE 103. 1/3 OCTAVE BAND SPECTRA 

JT80-9 NOZZLE 

110° Directivity angle 
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THIRD-OaAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 



FREQUENCY IN HERTZ 

FIGURE 104. ONE-THIRD OCTAVE BAND SPECTRA 

JT8D-9 NOZZLE 

140° Directivity angle 
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THIRD-OaAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 



i a 5 I 2 s 1 

100 1000 10000 


FREQUENCY IN HERTZ 

FIGURE 105. ONE-THIRD OCTAVE BAND SPECTRA 
PHASE I REFAN NOZZLE 

110° Directivity angle 
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FREQUENCY IN HERTZ 

FIGURE 106. ONE-THIRD OCTAVE BAND SPECTRA 

PHASE I REFAN NOZZLE 

140° Directivity angle 
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THIRD-OCTAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 



FREQUENCY IN HERTZ 

FIGURE 107. ONE-THIRD OCTAVE BAND SPECTRA 
P&UA JT8D-109 NOZZLE 

110° Directivity angle 
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THIRD-OCTAVE BAND LEVEL IN DB RE 0.0002 MlCROBAR 



FIGURE 108. ONE-THIRO OCTAVE BAND SPECTRA 
P4WA JT80-109 NOZZLE 


140® ‘ Di recti vi ty angle 
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THIRD-OCTAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 



FREQUENCY IN HERTZ 

FIGURE 109. ONE-THIRD OCTAVE BAND SPECTRA 

PiWA 0T8D-109 NOZZLE 
WITH SWIRL 

110° Directivity angle 
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THIRD-OCTAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 



FREQUENCY IN HERTZ 

FIGURE 1 10. ONE-THIRD OCTAVE BAND SPECTRA 

P4WA JT80-109 NOZZLE 
WITH SWIRL 

140® Directivity angle 
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FREQUENCY IN HERTZ 

FIGURE 111. ONE -THIRD OCTAVE BAND SPECTRA 
BTDEING JT8D-109 NOZZLE 

110° Directivity angle 
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THIRD-OaAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 



FREQUENCY IN HERTZ 

FIGURE 1 12. ONE-THIRD OCTAVE BAND SPECTRA 
BOEING JT8D-109 NOZZLE 


140° Directivity angle 
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FREQUENCY IN HERTZ 

FIGURE IJ3. ONE-THIRD OCTAVE BAND SPECTRA 
P&WA JT8D-115 NOZZLE 

110° Directivity angle 
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THIRD-OCTAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 
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100 1000 10000 


FREQUENCY IN HERTZ 

FIGURE 1 14. ONE-THIRD OCTAVE BAND SPECTRA 
P&WA JT8D-115 NOZZLE 
140° Directivity angle 
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FREQUENCY IN HERTZ 

FIGURE 115. ONE-THIRD OCTAVE BAND SPECTRA 
BOEING JT8D-V15 NOZZLE 

no® Directivity angle 
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THIRD-CXTAVE BAND LEVEL IN DB RE 0.0002 MICROBAR 



BOEING JT8D-I15 NOZZLE 
140° Directivity angle 
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P4WA JT8D-117 NOZZLE 
110° Directivity angle 
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FREQUENCY IN HERTZ 

FIGURE 118. ONE-THIRD OCTAVE BAND SPECTRA 
P&WA JT80-117 NOZZLE 

140° Directivity angle 
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FREQUENCY IN HERTZ 

FIGURE M9. OME-THIRD OCTAVE BAND SPECTRA 

BOEING JT80^117 NOZZLE (CONFIG. 9) 

110® Directivity angle 



THIRD-CXTAVE BAND LEVEL IN DB RE 0,0002 MICROBAR 



FREQUENCY IN HERTZ 

figure 120. ONE-THIRD OCTAVE BAND SPECTRA 

BOEING JT80-1 17 NOZZLE (CONFIG. 9) 

140® Directivity angle 
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THIRD-OCTAVE BAND LEVEL IN DB RE 0.0002 MiCROBAR 



FREQUENCY IN HERTZ 

FIGURE 121. ONE-THIRD OCTAVE BAND SPECTRA 

BOEING JT8D-117 NOZZLE (CONFIG. 10) 

no° Directivity angle 
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FREQUENCY IN HERTZ 

FIGURE 122. ONE-THIRD OCTAVE BAND SPEaRA 

BOEING JT8D-117 NOZZLE (CONFIG. 10) 

140® Directivity angle 
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